Cleistanthoside A tetraacetate isolated from Phyllanthus taxodiifolius Beille is claimed to inhibit cancer cell growth, but their toxicity is not reported. Mutagenic and genotoxic effects of cleistanthoside A tetraacetate were investigated in this study. The bacterial reverse mutation (Ames) test using a preincubation method was performed in order to determine the mutagenic toxicity of cleistanthoside A tetraacetate at doses ranging from 1, 25, 50 and 100 μg/ plate. In vitro and bone marrow micronuclei were used to determine genotoxicity. Cleistanthoside A tetraacetate at the given doses did not show mutagenic toxicity against the tests of bacterial strains of TA98 and TA100 in conditions with and without S9. There was no significance of in vitro and bone marrow micronucleated polychromatic erythrocyte at the given doses of isolate compared to the control. Cleistanthoside A tetraacetate isolated from P. taxodiifolius Beille at the given doses did not show mutagenic and genotoxic activities both in vitro and in vivo studies.
INTRODUCTION
Phytochemical plants and their products have been widely used in preventative health (Okem et al., 2012; Ram et al., 2011) . Phyllanthus taxodiifolius Beille is commonly used in subtropical countries to treat liver, kidney and bladder diseases (Calixto et al., 1998) . Cleistanthoside A was first isolated from the heartwood of Cleistanthus patulus. It showed anti-cancer properties against epidermal carcinoma of the nasopharynx in tissue culture (Sastry and Rao, 1983) . Cleistanthoside A, isolated from Phyllanthus species is beneficial in antioxidative stress, anti-inflammation and anti-tumoral activities (Ferrer et al., 2001; Huang et al., 2006 Cleistanthoside A tetraacetate is a derivative with acetylation modification of the arylnaphthalide lignan glycosides; it has been isolated from a crude extract of P. taxodiifolius Beille (Sastry and Rao, 1983; Tuchinda et al., 2006) . Cleistanthoside A tetraacetate at 3 to 4 nM is used in cytotoxicity activity in various cancer cells, including oral nasopharyngeal carcinoma, murine lymphocytic leukemia, colon, breast and lung cancer (Tuchinda et al., 2006) .
Although medicinal plants are widely used preventatively in various diseases (Eddouks et al., 2002; Jouad et al., 2001 ), many have not been analyzed for their safety (Firenzuoli and Gori, 2007; Wang et al., 2009 ). The Cleistanthoside A tetraacetate isolated from P. taxodiifolius Beille was claimed to inhibit tumor growth in various carcinoma cell lines (Tuchinda et al., 2006) , but there is no information about its mutagenicity and genotoxicity. Further studies are needed to establish a safe dosage of Cleistanthoside A tetraacetate. In this study, the tests of bacterial reverse mutation, in vitro micronucleus and bone marrow micronucleus were investigated for mutagenic and genotoxic doses.
MATERIALS AND METHODS
Cleistanthoside A tetraacetate was obtained from the laboratory of Tuchinda P. Cleistanthoside A tetraacetate is a derivative with acetylation modification of Cleistanthoside A that isolated from P. taxodiifolius Beille (Tuchinda et al., 2006) .
Bacterial reverse mutation (Ames) test
This test was performed using a pre-incubation method (Mortelmans and Zeiger, 2000) . The toxicity of Cleistanthoside A tetraacetate isolated from P. taxodiifolius Beille was investigated for their capacity to induce reverse mutation by Salmonella typhimurium strains of TA98 and TA100 in models with and without S9. Doses ranging from 1, 25, 50 and 100 μg/ plate of Cleistanthoside A tetraacetate were determined for their mutagenic toxicity. 4-Nitroquinoline-1-oxide (4NQO) and sodium azide (NaN3) at concentrations 0.4 and 0.2 μg/plate were used as positive controls in TA98 (-S9) and TA100 (-S9), respectively. A 0.5 μg/plate of 2-aminoanthracene (2-AA) was used as the positive control to TA98 and TA100 with S9, while 0.1 ml of 100% dimethylsulphoxide (DMSO) was used as negative control.
In vitro micronucleus
In vitro micronucleus assay was performed according to the Organization for Economic Co-operation and Development (OECD) guidelines (Seelbach et al., 1993) . Hamster lung fibroblast, V79 cells were treated with cleistanthoside A tetraacetate at concentrations of 1, 5, and 50 μg/ml in 10% fetal bovine serum (FBS) in Dulbecco's modified Eagle's medium (DMEM) for 18 h at 37°C with 5% CO2. Cyclophosphamide (20 μg/ml) was used as the positive control, while 0.2% DMSO was used as negative control. Treated cells were collected and stained for binucleated cells. Micronuclei (Mn) per 1000 cells were examined under light microscopy.
Experimental animals
Male ICR mice weighing 25 to 30 g and aged 7 weeks were used for the determination of the genotoxicity. The experimental procedures were approved by the Animal Ethics Committee of the Faculty of Science, Mahidol University, Thailand. Healthy mice were classified into the treated dose according to their concentrations of cleistanthoside A tetraacetate at 0 (corn oil), 250, 500 and 1000 mg/kg BW. In the treated mice, 60 mg/kg of cyclophosphamide was used as a positive genotoxicity, whilst a 100% corn oil vehicle was obtained for negative control.
Bone marrow micronucleus
The micronucleus assay was conducted according to the standard technique (Ha et al., 2011) . The groups of mice were killed at 24 and 48 h after dosing, by injecting pentobarbital sodium at 50 mg/kg BW. Both femurs were removed and bone marrow collected in tubes of 0.5 ml of fetal bovine serum. The solution was then centrifuged for 10 min at 1000 rpm/ min. The smears were allowed to air dry prior to fixation and staining with a Giemsa solution. A number of micronucleus was obtained by using light microscopy. The 2000 polychromatic erythrocytes (PCEs) per mouse were examined for micronucleated polychromatic erythrocyte (MnPCE).
Statistical analysis
All results were expressed as mean ± standard deviation (SD). The difference among groups was obtained by one-way ANOVA using the SPSS program. Statistic significance was set at p<0.05.
RESULTS
In the reverse mutation test, cleistanthoside A tetraacetate isolated from P. taxodiifolius Beille did not show mutagenic activity against the tests of bacterial strains of TA98 and TA100 in conditions with and without S9 at concentrations of 1, 25, 50 and 100 μg/plate (Table  1) NaN3 were used as a positive mutagen to TA98 (-S9) and TA100 (-S9). They had high reverting colony per plate activity when compared with the negative control, 100% DMSO at p<0.001 and their treated groups at p<0.001. Moreover, treatment with 0.5 µg of 2-AA showed mutagenic activity against bacterial strains of TA98 (+S9) and TA100 (+S9) at p<0.001. Cleistanthoside A tetraacetate at concentration 100 μg/ plate showed non-mutagenic activity in test of TA98 and TA100. The result indicated that cleistanthoside A tetraacetate is not mutagenic at concentration of 100 μg/plate in all treatments.
The in vitro and bone marrow micronucleus were investigated for genotoxic properties. In vitro micronucleus of treated cleistanthoside A tetraacetate at concentrations 1, 5, and 50 μg/ml were 7.67 ± 5.03, 8.00 ± 4.36 and 8.25 ± 3.50 Mn/1000 cells, respectively. No statistical significance of micronucleus was found among groups of all treated doses and 0.2% DMSO (Figure 1) . In vitro micronucleus of treated cyclophosphamide was statistically significant than that other groups at p<0.001. The bone marrow micronucleus was investigated by using a number of micronucleated polychromatic erythrocyte (MnPCE) at 24 and 48 h after the mice were treated. Table 2 illustrates the number of micronucleus (Mn) per 2000 polychromatic erythrocytes (PCEs) in doses of 250, 500 and 1000 mg/ kg of cleistanthoside A tetraacetate. There was no significance of MnPCE at any doses of the isolate when compared with vehicle control (p>0.05), while the treated cyclophosphamide showed statistically significant number of MnPCE than other groups at p<0.001.
DISCUSSION
Therapeutic substances of phytochemicals extracted from Thai medical plants exhibit positive properties for the treatment of various diseases (Chuanasa et al., 2008; Siriwatanametanon et al., 2010) . Cleistanthoside A tetraacetate is highly effective in preventing cancer cell growth of oral nasopharyngeal carcinoma (KB), murine lymphocytic leukemia (P388), colon cancer (Col-2), breast cancer (MCF) and lung cancer (Lu-1) (Tuchinda et al., 2006) . However, there is a lack of research on the mutagenic and genotoxic doses of cleistanthoside A tetraacetate. This study was proposed to evaluate the mutagenic and genotoxic doses of the isolate. Treatment with 1 -100 μg/ plate of cleistanthoside A tetraacetate showed non-mutagenic activity against the test of Ames in conditions with and without S9. Both metabolite (with S9) and non-metabolite (without S9) have been designed to assess the effects of chemicals on mutagenic properties. The human and rat liver S9 factions enhanced mutagenicity of the pro-carcinogens (Hakura et al., 1999) . It also increased the quality of mutagenicity in Ames test (Hakura et al., 2001) . In conditions of with and without S9 in this study, the result exhibited good safety profile at an effective dose (1 -100 μg/plate).
In vitro and bone marrow micronucleus in treatment with cleistanthoside A tetraacetate showed no significance when compared with the negative control. The results indicated that cleistanthoside A tetraacetate at high concentration of both V79 cells and mice had no genotoxicity. Cleistanthoside A tetraacetate isolated from P. taxodiifolius Beille was claimed to inhibit the growth of cancer cells (Tuchinda et al., 2006) . It also demonstrated good safety to genotoxicity. Although the isolate showed non-mutagenic and genotoxic properties in both in vitro and in vivo models, there is a need to study and clinically evaluate pharmaceutical properties of cleistanthoside A tetraacetate derived from P. taxodiifolius Beille in order to establish its suitability for anticancer treatment.
Conclusion
Cleistanthoside A tetraacetate of P. taxodiifolius Beille has non-mutagenic activity at concentration of 100 μg/plate of Ames test. It also showed non-mutagenic in both in vitro and bone marrow micronucleus. Further studies are needed to develop it into suitable pharmaceutical properties.
